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(54) Communication apparatus 

(57) The hardware configuration of a baseband 
block in a radio communication system is to be reduced 
in gate size. 

Modulation/demodulation processing in a base- 



band block is divided into a plurality of processing units, 
which are connected to one another by buffer memories. 
The hardware gate size are reduced by performing 
processing on a plurality of channels by time division 
multiplexing. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to hardware and 
software configurations of communication apparatuses 
(at the base station and terminals) for processing data 
communicated over a plurality of channels. It is particu- 
larly suitable for.communication apparatuses for use in 
mobile communication systems of a code division mul- 
tiple access (CDMA). 

Description of the related art 

[0002] The configuration of a base station for use in 
CDMA mobile communication systems according to the 
prior art is shown in FIG. 12. 

[0003] Received signals of a carrier frequency band 
received from an antenna 100 are converted into re- 
ceived baseband signals by a radio frequency block 
101, and inputted to a baseband block 134. Baseband 
transmitted signals of different channels outputted from 
the baseband block 134 are superposed by an output 
multiplexer 107, converted by a radio frequency block 
101 into transmitted signal$ of the carrier frequency 
band, and transmitted from the antenna 100. 
[0004] The baseband block 134 is equiped with as 
many modulator/demodulators 102-1-s. each for 
processing transmission and reception oyer one chan- 
nel, as the channels used by the base station. A 
matched filter (MF) 135 and a peak detector 136 are 
jointly provided for a plurality of channels, and intermit- 
tently perform path searching for each of the channels. 
Each peak detector 1 36 selects the higher peaks of cor- 
relation values outputted from an MF (indicating the mul- 
ti-path reception timing). The selected path timing is set 
in the correlator 108-1-n (n is the number of fingers) of 
one of the modulator/demodulators 1 02-1 -s for the cor- 
responding channel to undergo despreading on a finger- 
by-finger basis. 

[0005] By executing path search for each channel at 
the base station periodically on a time division basis in 
this way and providing one MF jointly for a plurality of 
channels, the gate size of hardware is reduced. Howev- 
er, in this configuration, a modulator/demodulator 102 is 
provided for each channel. 

[0006] Also, as a communication mode in mobile 
communication systems, there is the multi-code trans- 
mission mode which realizes transmission at high over- 
all speed by multiplex transmission of data to be trans- 
mitted using a plurality of low-speed transmission chan- 
nels. Where a mobile statbn is to support this multi-code 
transmission mode, its baseband block is required to 
have number of modulator/demodulators correspond- 
ing to a plurality of channels as in the base station shown 
in FIG. 12. 
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Brief summary of the Invention 

[0007] Thus the baseband block 1 34 in a conventional 
communication apparatus has as many modulator/de- 
s modulators 102-1 -s as the number of channels, and 
these modulator/ demodulators perform processing in 
parallel. Accordingly, there is the problem of an increase 
in hardware gate size, in proportion to the number of 
channels to be accommodated for a base station, and 

• to to the speed of multi-code transmission for a mobile sta- 

. / tion. 

[0008] On the other hand, while the processing speed 
of LSIs has reached such a high level as 256 MHz in 
recent years, the data rate of transmission and reception 

is over a radio channel is only about 4 MHz, though it var- 
ies with the system of communication. Therefore, even 
if the processing speed of the baseband block 1 34 is 
enhanced, the baseband block is eventually limited by 
the data rate, and cannot fully utilize its processing ca- 

20 pacity. 

[0009] Furthermore, blocks constituting the modula- 
tor/ demodulators 102-1-s include blocks to execute 
processing on a symbol-cycle basis {correlators 108 
and the like), blocks to execute processing on a slot- 
hs cycle basis (detectors 111 and the like) and blocks to 
execute processing on a frame-cycle basis (de-inter- 
leavers 115, error detecting decoders 116 and the like) . 
However, in the modulator/ demodulators 102, these 
blocks are connected serially, and processing steps dif- 
30 fering in the unit of processing are consecutively exe- 
cuted in a time series. As a consequence, blocks 
processing in large units have to wait for the completion 
of processing by blocks processing in smaller units, re- 
sulting in idle time for blocks processing in large units 
35 during which no processing can be accomplished. 
[0010] In order to solve the above-stated problems, 
processing on a plurality of channels is accomplished 
by time division multiplexing by a signal processing ap- 
paratus provided with storage means for storing input 
40 signals on a plurality of channels and processors need- 
ed for modulation/demodulation, to read data out of the 
storage means at a higher speed than data are inputted 
to the storage means and processing at high speed. 
Processing on a plurality of channels by time division 
45 multiplexing makes it possible to reduce the hardware 
gate size substantially. 

Brief Description of the Several views of the Drawing 

so [0011] FIG. 1 illustrates the configuration of the base- 
band block in the first mode of implementation. 
[001 2] FIG. 2 illustrates the configuration of the base- 
band block in the second mode of implementation. 
[0013] FIG. 3 shows a flowchart of demodulation in 

55 the second mode of implementation. 

[0014] FIG. 4 shows a flowchart of modulation in the 
second mode of implementation. 

[0015] FIG. 5 shows a flowchart of demodulation in 
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the third mode of implementation. 
[0016] FIG. 6 shows a configuration of the receiving 
system of a symbol-cycle processing engine in the third 
mode of implementation. 
. [0017] FIG. 7 shows a second configuration of the re- 
ceiving system of a symbol-cycle processing engine in 
the third mode of implementation. 
[0018] FIG. 8 shows a configuration of the transmit- 
ting system of the symbol-cycle processing engine in the 
third mode of implementation. 

[0019] FIG. 9 shows a configuration of a slot<ycle 
processing engine in the third mode of implementation. 
[0020] FIG. 10 shows a configuration of a frame-cycle 
processing engine in the third mode of implementation. 
[0021] FIG. 1 1 illustrates the relationship between the 
frame and slot formats in a W-CDMA system. 
[0022] FIG. 12 illustrates the configuration of a base 
station according to the prior art. 

Description of the Preferred Embodiments 

[0023] Numerals in this description means as follows. 
100... Antenna, 101... radio frequency block, 
102-1-s... modulator/demodulators, 107 ... transmis- 
sion output multiplexer, 108-1 -n, 208-1 -n... correla- 
tors, 111, 112, 113, 211-1-n... detectors, 114, 214... 
rake combiners, 115, 215 ... de-interleavers, 116, 216 ... 
error correction encoders, 117, 217 ... error detection 
decoders, 118, 218 ... error detection encoders, 119, 
219 ... error correction decoders, 120, 220 ... interleav- 
es, 121, 221 ... transmission format generators, 122, 
222 ... spreaders. 133, 233 ... transmission power con- 
trollers, 230 ... modulator/demodulator, 235 ... sector in- 
put selector, 236 ... matched filter, 237 ... peak detector, 
1 34, 202 ... baseband blocks, 201 , 301 , 402, 404, 406 ... 
buffer memories, 302 ... CPU, 401 ... control engines, 
403 ... symbol-cycle processing engines, 405 ... slot-cy- 
cle processing engines, 407 ... frame-cycle processing 
engines, 501, 601. 701, 801 ... input interfaces, 502, 
602 ... PN generators, 503, 603, 903-1-4 ... exclusive- 
OR processors, 504, 904-1-4 ... adders, 505, 703 : 803, 
905-1-4 ... registers, 506, 707, 809 ...output interfaces, 
507, 607... internal state registers, 508, 608, 710, 
812... sequencers, 509, 609. 711, 813... program 
memories, 510, 610, 712, 814 ... decoders, 604, 705 ... 
adder/subtractors, 605 ... memory interface, 606, 702, 
802 ... memories, 704 ... multiplier 706 ... shift proces- 
sor, 708, 709 ... buses, 804 ... error detection encoder, 
805 ... error detection decoder , 806 ... error correction 
encoder, 307... error correction decoder, 808... ad- 
dress calculator 901, 902, 903, 904 . .. pairs each of ex- 
clusive-OR processor and adder, 1101 ... data symbol, 
1102 ... pilot symbol, 1103 ... rate determination symbol, 
1104 ... power control symbol, 1105 ... one frame sec- 
tion, 1106 ... one slot section, 1107 ... one symbol sec- 
tion, 1108 ... one chip section. 

[0024] FIG. 11 illustrates the communication format 
on an uplink for transmission from a mobile station to 



the base station in a W-CDMA system. One frame 1105 
(= 10 msec) is the basic unit of channel CODEC 
processing such as interleaving, error correction encod- 
ing and the like. Each frame is divided into 16 slots. One 

s slot 1 106 (= 0.625 msec) is the basic unit of air interface 
control including channel estimation, transmission pow- 
er control and the like. Each slot is divided into an in- 
phase (I) component and quadrature (Q) components; 

' the I component carries data symbols 1101, and the Q 

f0 components carry control symbols including pilot sym- 
bols 1102. One symbol 1107 is the basic unit of trans- 
mitted data after channel CODEC processing. In the 
CDMA system, a spread spectrum is achieved by mul- 
tiplying this symbol by spreading codes (pseudo random 

is codes) known as PN sequence. One chip 1108 is the 
basic unit of pseudo random codes and the smallest unit 
in the whole system of processing. 



20 



(Embodiment 1) 



[0025] FIG. 1 illustrates a first mode of carrying out 
the invention. An example having three antennas 
200-1-3 is shown. A base station or a mobile station 
performing space diversity or a multi-sector base station 

25 has a plurality of antennas. Space diversity compen- 
sates for deterioration of received signals due to fading 
by simultaneously receiving signals coming from the 
same mobile station (or base station) with a plurality of 
antennas. Muiti -sectoral arrangement, on the other 

30 hand, is intended to enhance the efficiency of frequency 
use by dividing the service area (cell) of the base station 
into a plurality of sectors each having antennas for trans- 
mission and reception, using spreading codes differing 
from sector to sector, and thereby increasing the 

35 number of channels the base station can accommodate. 
In either case, since a plurality of received signals are 
inputted to the baseband block 202, it is required to 
switch the input with a selector 235 at every time of 
processing depending on the sector of the service area 

40 the channel (mobile station) for which modulation or de- 
modulation is to be performed belongs to, or the diver- 
sity antenna (mobile station) for which modulation or de- 
modulation is to be accomplished. FIG. 1 discloses the 
configuration of a base station in a multi-sector arrange- 

45 ment, 

[0026] A received signal of the carrier frequency band 
received by each of the antennas 200-1-3 is converted 
by the radio frequency block 201 into a baseband re- 
ceived signal. The baseband received signal is stored 
so into buffer memories 203-1-3 provided for each anten- 
na. These buffer memories may be configured as a plu- 
rality of memories or as a plurality of areas in one mem- 
ory. 

[0027] Each of the buffer memories 203-1-3 is ena- 
55 bled to store a quantity of data several times greater 
than the largest unit of modulation/demodulation* 
processing (one frame in the W-CDMA system for in- 
stance). The capacities of the buffer memories are ap- 
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propriately determined according to the difference be- 
tween the data rate of the radio channels and the 
processing speed of the baseband block 202, and to the 
number of channels for which the modulation/demodu- 
lator 230 performs multiplexing. Further, the number of 
channels for which one baseband block can perform 
multiplexing is not more than the processing speed of 
the baseband block divided by the data rate of the radio 
channels. 

[0028] In the baseband received signals stored in the 
buffer memories 203-1 -3, data of all the channels of all 
the mobile stations in the service area of the pertinent 
sector are multiplexed. By readinglhem repeatedly into 
a modulator/ demodulator 230 to demodulate them, the 
hardware gate size can be reduced and, at the same 
time, the processing speed of LSIs can be well utilized 
in demodulation processing. Further, the modulator/de- 
modulator 230 repeatedly modulates transmitted data, 
and the baseband transmitted signals that are generat- ' 
ed are stored into the buffer memories 203-1-3 on a 
sector-by-sector basis. When the baseband transmitted 
signals of all the channels multiplexed within the LSIs 
sector by sector are stored into the buffer memories 
203-1-3, these baseband transmitted signals are mul- 
tiplexed by an output multiplexer 207 with respect to 
transmitted signals of all the LSIs at the base station. 
The baseband transmitted signals that have been mul- 
tiplexed are converted by the radio frequency block 201 
into transmitted signals of the carrier frequency band, 
and transmitted from the antenna 200. In this manner, 
the hardware gate size can be reduced and, at the same 
time, the processing speed of LSIs can be well utilized 
in demodulation processing. 

[0029] The actions of the baseband block 202 of FIG. 
1 will be described below. 

[0030] A control block (not shown in FIG.1) exercises 
control over the whole baseband block 202. The items 
of control include the designation of channels, sectors 
of transmission/reception and antennas subject to mod- 
ulation/demodulation processing. 

(1) Demodulation processing 

[0031] Since received signals are usually oversam- 
pied, the signals are inputted and stored into the buffer 
memories 203-1 -3 at a speed several times higher than 
the chip speed. When received signals have been writ- 
ten to the prescribed capacity of the buffer memories, 
the process returns to the initial address, and they are 
overwritten. In the case of fourfold sampling in the W- 
CDMA system (at a chip speed of 4MHz), the data rate 
of input to the buffer memories 203-1-3 is 15 MHz. The 
demodulation processing of received signals stored into 
the buffer memories 203-1 -3 is at the processing speed 
(e.g. 256 MHz) of the baseband block 202. 
[0032] A selector 235 designates a buffer memory 
203 corresponding to the receiving antenna 200 for the 
sector to which the channel subject to intended demod- 



ulation belongs, and inputs received signals to a MF 236 
and the modulator/ demodulator 230. 
[0033] As path searchincfis done by the MF 236 and 
a peak detector 237. the reception timing of the signal 
5 is given to correlators 208- 1 -n. The correlators 208-1 -n 
multiply received signals (spread spectrum signals) and 
the spreading codes of channels chip by chip at a given 
reception timing, and accumulate the products of multi- 
plication symbol by symbol (correlating). Detectors 
10 211-1 -n detect phase rotation that may have occurred 
on the propagation path calculated from pilot signals 
contained in received signals, coordinate the phase of 
despread multi-path received signals (outputs of corre- 
lators 208), and input them to a rake combiner 21 4. This 
'5 detection of phase rotation by the detectors 211 is done 
on a slot -cycle basis. The rake combiner 214 combine 
in-phase multi-path received signals. In the case of a 
base station performing space diversity, the rake com- 
biner 214 carries out not only rake combination of multi- 
20 path received signals but also diversity combination to 
combine received signals from a plurality of antennas. 
[0034] The rake-combined received signals are suc- 
cessively handed over to a de-interleaver 215, an error 
correction decoder 216 and an error detection decoder 
25 217 and undergo demodulation processing. These are 
intended to decode signals which have been transmitted 
after encoding and interleaving. The encoding and in- 
terleaving of data were accomplished on a frame-cycle 
basis, and decoding is also done on a frame-cycle basis. 
30 Signals having undergone error correction are outputted 
as received data. 

(2) Modulation processing 

35 [0035] First, one frame of transmitted data are input- 
ted to the error correction encoder 218. The error cor- 
rection encoder 21 8 generates a CRC (cyclic redundan- 
cy check) code for this one frame of transmitted data. 
The transmitted data to which the error correction code 

40 has been appended are inputted to an error correction 
encoder 219. The error correction encoder 219 gener- 
ates error correction codes including a convolutional 
code and a turbo code for the inputted data. The trans- 
mitted data to which the error correction codes have 

45 been appended are inputted to an interleaver 220. The 
interleaving is intended to reduce the impact of burst er- 
rors occurring on the propagation path by rearranging 
the sequence of the transmitted data for further trans- 
mission. 

so [0036] A transmission format generator 221 assigns 
a pilot symbol and a transmission power control signal 
to the interleaved transmitted signals on a slot-cycle ba- 
sis in accordance with a prescribed format (see FIG. 1 1 ). 
A spreader 222 multiplies the transmitted signals and a 

55 spreading code to carry out spread modulation. A trans- 
mission power controller 223 performs transmission 
power control on the basis of transmission power control 
information that has been received. More specifically, 
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since the total power that can be transmitted by the an- 
tenna 200 is constant, the ratio of transmitted signals on 
each channel in the total power is assigned. Finally, 
transmitted signals on each channel are stored into the 
buffer memories 203-1-3. 

(Embodiment 2) 

[0037] FIG. 2 illustrates a second mode of carrying out 
the present invention. FIG. 2 shows only the baseband 
block. While the processing after correlating is realized 
by wired logic in the first mode of implementation, this 
second mode of implementation is characterized by its 
execution by a CPU 302 using software. Moreover, al- 
though this example is simplified into a single-antenna 
disposition, where a plurality of antennas are involved, 
a plurality of buffer memories 301 can be provided to 
input and output transmitted/received signals to and 
from the CPU 302 by switching from one to the other of 
the buffer memories. Processing done on baseband sig- 
nals mainly consists of multiplication and addition. 
Therefore, by programming these procedures into soft- 
ware and having them carried out commonly on the 
hardware of CPU 302, the hardware gate size can be 
reduced. 

[0038] FIG. 3 shows a flowchart of demodulation 
processing. First, at the time of start of communication, 
each channel is path-searched for peak detection, and 
the reception timing of each finger is determined. Next, 
channels are initialized (step 1 201 ). The initialization in- 
volves the setting of a spreading code, spreading factor 
and timing of reception by path searching. Symbol-cycle 
processing 1 202 corresponds to processing by the cor- 
relators 208 in FIG. 1. Slot-cycle processing 1203 to 
1206 corresponds to the processing by the detectors 
211 and the rake combiner 214 in FIG. 1. Frame-cycle 
processing 1208 to 1210 corresponds to the frame-cy- 
cle processing block 215 to 217 in FIG. 1. After going 
through these steps of processing in succession, the 
channel is switched to another and the above-described 
processing sequence is repeated to complete process- 
ing for a plurality of channels. 

[0039] FIG. 4 shows a flowchart of modulation 
processing. In the transmission system, frame-cycle 
processing 1301-1304 is repeated for one frame tor 
every channel. The frame-cycle processing corre- 
sponds to processing by the frame-cycle processing 
block 218 to 220 in FIG. 1. After that. sloKycle process- 
ing 1 305 is carried out for every channel. The slot-cycle 
processing 1305 corresponds to processing by the 
transmission format generator 221 in FIG. 1. After that, 
spreading and transmission output multiplexing are ac- 
complished by symbol-cycle processing 1 306 and 1 307. 
This processing corresponds to processing by the 
spreader 222 and the transmission power controller 233 
in FIG. 1. For one symbol, the outputs on all the chan- 
nels are multiplexed and transmitted (step 1 308). When 
processing of data for one frame on all the channels is 



completed, the process returns to the start of the flow. 
(Embodiment 3) 

5 [0040] FIG. 5 illustrates a third mode of carrying out 
the present invention. FIG. 5 also shows only the base- 
band block, and a single-antenna disposition is illustrat- 
ed for the sake of simplification. The third mode of im- 
plementation is characterized by the successive ap- 

io pearance of symbol-cycle processing, slot-cycle 
processing and frame-cycle processing in modulation/ 
demodulation processing. The description will also refer 
to FIG. 1. 

[0041] Received signals are inputted in a chip cycle 
*5 to the correlators 208, which output received data after 
despreading in a symbol cycle. On the other hand, the 
detectors 211 and the rake combiner 214 process one 
slot of received data (outputs of the correlators 208). 
Furthermore, the de-interleaver215, the error correction 
20 decoder 216 and the error correction decoder 21 7 proc- 
ess one frame of received data (output of the rake com- 
biner 214). 

[0042] Similarly, the error correction encoder 218, the 
error correction encoder 219 and the interleayer 220 

25 perform frame-cycle processing, the transmission for- 
mat generator 221 performs slot-cycle processing, and 
the spreader 222 and the transmission power controller 
233 perform symbol-cycle processing. 
[0043] In this embodiment, division into blocks re- 

30 quired for modulation/demodulation processing is 
based on the cycle of processing, and each processing 
block is configured to be able to operate independently 
of one another. If processing steps of different cycles 
are carried out consecutively as shown in FIG. 1, the 

35 speed of symbol-cycle processing determines the over- 
all processing speed, while the hardware for larger 
processing cycles, such as slot and frame cycles, is uti- 
lized only inefficiently. For this reason, each block con- 
sists of processing steps of the same processing cycle 

40 in this embodiment. And the overall efficiency of hard- 
ware use is enhanced by appropriately setting the op- 
erating speed of each block or the number of blocks in 
parallel. For instance, a plurality of symbol-cycle 
processing engines 403 are provided in parallel. Or slot- 

45 cycle processing engines 405 are operated faster than 
frame-cycle processing engines 407. 
[0044] Baseband received signals are stored into a 
first buffer memory 402 for several symbols, which is 
several times larger than the processing unit of the sym- 

so bol-cycle processing engines 403. To fix the timing to 
switch processing, it is so arranged that, even if the 
length of a symbol differs between channels, a constant 
quantity of received signals be inputted to the baseband 
block 202. For instance, where the unit of processing is 

55 set to the symbol length of the channel which has of the 
longest symbol cycle, the channel is switched for 
processing at every one symbol at the minimum(where' 
the symbol cycle is the longest), and every 16 symbols 
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at the maximum(where the symbol cycle is the shortest, 
both in the case of W-CDMA). 

[0045] The symbol-cycle processing engines 403 
constitute a block to perform symbol-cycle modulation/ 
demodulation processing. The symbol-cycle processing 
engines 403 input from and output to the slot-cycle 
processing engines 405 via second buffer memories 
404. The second buffer memories 404 store data equiv- 
alent to several slots, several times the units of process- 
ing by the slot-cycle processing engines 405 to prevent 
pre-processing received signals from being overwritten, 
A second buffer memory 404 is provided forevery charr- 
nel. 

[0046] The slot-cycle processing engines 405 consti- 
tute a block to perform sioKycle modulation/demodu- 
lation processing. The slot-cycle processing engines 
405 input from and output to the frame-cycle processing 
engines 407 via third buffer memories 406. The third 
buffer memory 406, is also provided for each channel, 
and stores received data equivalent to several frames. 
[0047] The frame-cycle processing engines 407 con- 
stitute a block to perform frame-cycle modulation/de- 
modulation processing. Incidentally, even where 
processing in a longer cycle than one frame is required 
for interleaving or any other purpose, processing is sim- 
ilarly accomplished with frame-cycle processing en- 
gines. 

[0048] Each engine is controlled by a control engine 
401 Under the control of the control engine 401 , each 
of the engines 403, 405 and 407 carry out modulation/ 
demodulation processing asynchronously, and the 
channels under processing are also independent for 
each engine. This disposition enables modulation/de- 
modulation processing for a plurality of channels to be 
accomplished by time division multiplexing at a high 
processing efficiency for the whole hardware. 

(1) Symbol-cycle processing engines 403 

[0049] FIG. 6 illustrates the configuration of the re- 
ceiving (demodulation) unit of a symbol-cycle process- 
ing engine 403. A symbol-cycle processing engine has 
processing elements including an exclusive-OR proces- 
sor 503 and an adder 504, and performs demodulation 
processing with one symbol as its smallest processing 
unit. It reads in chip-by-chip data from the first buffer 
memory 402 via an input interface 501. The exclusive- 
OR processor 503 executes exclusive-OR processing 
with a spreading code generated by a PN (spreading 
code) generator 502, and the adder 504 and a register 
505 accumulate the results of processing for one sym- 
bol. The results of accumulation are written into the sec- 
ond buffer memory 404 via an output interface 506. 
[0050] An operational command to the receiving unit 
of a symbol-cycle processing engine is given as a se- 
quencer 508 reads a control command out of a program 
memory 509 and a decoder 510 decodes that com- 
mand. Necessary commands include a command to 



start/stop demodulation processing of received signals 
on one channel, designation of a read/write address for 
the input/output interfaces 501 and 506. setting of the 
state value for the internal register 507 in the PN gen- 
s erator 502, and designation of reset timing for the accu- 
mulating register 505. 

[0051] The symbol-cycle processing engines shown 
in FIG. 6 serve as correlators by fixing the phase of the 
, • spreading code generated by the PN generator 502 rel- 

10 ative to the inputted data. On the other hand, by sliding 
the phase of the spreading code generated by the PN 
generator 502, they serve as sliding correlators 
(matched filters). This switching in function is accom- 
plished by an operational command from the sequencer 

'5 508. Incidentally, when they serve as sliding correlators, 
the peak timing is detected by the skat-cycle engines of 
the next stage. 

[0052] In the program memory 509 is stored a pro- 
gram tor a plurality of channels (e.g. designation of the 

20 spreading factor of channels, the state of the internal 
register in the PN generator). Therefore, for the receiv- 
ing unit of FIG. 6, the channels allowing demodulation 
processing are flexible. Further, because the read ad- 
dress for the input interface 501 can be designated by 

25 a program, fingers allowing demodulation processing 
are also flexible. Accordingly the overall hardware effi- 
ciency can be enhanced by having the receiving unit of 
the symbol-cycle processing engines operated faster 
than other processing engines and carrying out time di- 

30 vision multiplexing with the channel fingers subject to 
demodulation processing appropriately designated. 
[0053] Furthermore, the receiving unit of the symbol- 
cycle processing engine is subject to the heaviest 
processing load because it processes signals of the chip 

3$ rate or the sampling rate. Therefore it is desirable for 
the purpose of enhancing the overall hardware efficien- 
cy to provide a plurality of receiving units and have them 
perform processing in parallel. 

[0054] Further, a configuration in which partial hard- 
^0 ware of the receiving unit is disposed in parallel to in- 
crease the processing speed is shown in FIG. 7. For in- 
stance, in a CDMA communication system performing 
QPSK spreading modulation, in order to accomplish 
phase compensation, correlation processing should be 
45 carried out in a overall combination between in-phase 
(I) components (DATAJ)andquadrature (Q) compo- 
nents (DATA_Q) of signals and I components (PN_l) 
and Q components (PN_Q) of spreading codes. It is 
possible to enhance the processing efficiency of slot- 
50 cycle processing engines at a later stage by providing 
pairs 906-1 -4 of exclusive-OR processor 903 and adder 
904, and a register 905 in parallel for each combination 
and having them perform correlation processing simul- 
taneously. 

SB [0055] FIG. 8 illustrates the configuration of the trans- 
mitting (modulating) unit of the symbol-cycle processing 
engines 403. A symbol-cycle processing engine has 
processing elements including an exclusive-OR proces- 
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sor 603 and an adder 604, and performs demodulation 
processing with one symbol as its smallest processing 
unit. It reads in symbol-by-symbol data from the second 
buffer memory 404 via the input interface 601. The ex- 
clusive-OR processor 603 executes exclusive-OR 
processing with a spreading code generated by a PN 
(spreading code) generator 602, and the adder/subtrac- 
tor 604 provides a transmission power value. The re-' 
sults.of accumulation are written into a memory 606 via 
a memory interface 605. 

[0056] In order to multiplex the transmitted signals on 
all the transmission channels, transmitted signals sent 
at the same timing are accumulated. For this purpose, 
transmitted signals to be sent at the same timing are 
read out of the memory 606 via the memory interface 
605, and are added by the adder/subtractor 604 to 
spread data (output of the processor 603). The results 
of addition are again written into the memory 606 via the 
memory interface 605. 

[0057] An operational command to the transmitting 
unit of a symbol-cycle processing engine is given as a 
sequencer 608 reads a control command out of a pro- 
gram memory 609 and a decoder 610 decodes that 
command. Like the receiving unit, the transmitting unit 
is flexible with respect to channels for processing by the 
program responsive to a plurality of channels. 
[0058] As the transmitting unit of the symbol-cycle 
processing engine also processes signals of the chip 
rate, it is subject to a heavy processing load. Therefore 
it is desirable for the purpose of enhancing the overall 
hardware efficiency to provide a plurality of transmitting 
units and have them perform processing in parallel. 

(2) Slot -cycle processing engines 405 

[0059] FIG. 9 illustrates the, configuration of the slot- 
cycle processing engines 405. The slot-cycle process- 
ing engines constitute a block to process data of the 
symbol rate. Items of processing by the slot-cycle 
processing engines include the creation of a transmis- 
sion format as modulation processing, and, as demod- 
ulation processing, detection of the peak timing, demod- 
ulation and rake combination. 

[0060] The objects of processing by the slot-cycle 
processing engines include, as shown in FIG. 11 , a plu- 
rality of types of symbols such as a received data symbol 
1 101 , a pilot symbol .11 02, a rate determination symbol 
1 1 03 and a power control symbol 1 1 04, and the process- 
ing needs to differ with the type of symbol. 
[0061] However, all these types of processing consist 
of combinations of multiplication and addition/subtrac- 
tion. Therefore, a configuration is adopted in which basic 
processors (a multiplier 704, an adder/subtractor 705 
and a shift processor 706 for shifting), a memory 702 for 
storing the results of calculation and a register 703 with 
buses 708 and 709 and input/output interfaces 701 and 
707 are added to them. The combinations of operation 
for each processing are stated in advance in a program 



memory 711 ; a sequencer 710 gives the address of the 
program corresponding to each processing to the pro- 
gram memory 711. and the program that has been read 
out is decoded by a decoder 510. A decoded control sig- 
s nal controls the input/output interfaces 701 and 707 and 
the buses 708 and 709. A typical specific example of 
slot-cycle processing is taken up below. 

- ' (A) Processing on pilot symbols (detection of phase 
to rotation) 

[0062] A plurality of pilot symbols are added in phase 
by the adder/subtractor 705, and information on ampli- 
tude and phase on the propagation path is calculated. 
is [0063] First, the decoder 712 designates an address 
where the pilot symbols for the input interface 701 is 
stored, and instructs the bus 708 to send data from the 
input interface 701 to the adder/subtractor 705. This 
causes the pilot symbols to be sent from the input inter- 
ns face 701 to the adder/subtractor 705. The adder/sub- 
tractor 705 processes addition, and the pilot symbols 
are thereby added. 

[0064] Next , the decoder 7 1 2 instructs the bus 709 to 
send data from the adder/subtractor 705 to the register 
2S 703. The results of addition are thereby sent to the reg- 
ister 703. 

[0065] Then, a program to add values stored in the 
register 703 and pilot symbols from the input interface 
701 is sent from the program memory 71 1 to the decoder 

30 712. The decoder 712 controls the input interface 701 
and the bus 708 to send the pilot symbols and the values 
stored in the register 703 to the adder/subtractor 705. 
This sequence of processing is repeated until the addi- 
tion of a required number of pilot symbols is completed, 

35 the results of addition are stored in the memory 702. 

(B) Processing on data symbols (demodulation and rake 
combination) 

40 [0066] The phase that has rotated on the propagation 
path is corrected by the multiplier on the basis of phase 
information on the propagation path based on the pilot 
symbols. More specifically, the data symbols are multi- 
plied by the average of the pilot symbols (demodula- 

45 tion). Both the data symbols and the pilot symbols have 
both in-phase components and quadrature compo- 
nents, this processing is to multiply complex numbers, 
and four multiplications and two addition/subtractions 
are executed using the multiplier 704 and the adder/sub- 

so tractor 705. 

[0067] First, the in-phase component (I) of a data 
symbol is sent from the input interface 701 to the multi- 
plier 704, the in-phase component (X) of a pilot symbol 
is sent from the memory 702 to the multiplier 704, and 

55 the result of multiplication (I x X) is held by the register 
703. As the result of multiplication involves a greater 
number of bits than the original data, only the required 
bits are taken out by shift processing. Then the result of 
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multiplication stored in the register 703 is sent to the shift 
processor 706, and the result of processing is again 
stored in the register 703. 

[0068] Similarly, the quadrature component (Q) of the 
data symbol and the quadrature component (Y) of the 
pilot symbol are multiplied, and the result of multiplica- 
tion (Q x Y) is held by the register 703. From the register 
703, (I x X) and (Q x Y) are sent to the adder/subtractor . 
705, and the adder/subtractor 705 subtracts the result 
of multiplication of the quadrature component (Q x Y) 
from the result of multiplication of the in-phase compo- 
nents (I x X). (I x X - Q x Y) is the in-phase component 
of the data symbol after demodulation, and stored in the 
memory 702. 

[0069] Similarly, the quadrature component after de- 
modulation is obtained as (I x X + Q x Y). 
[0070] The only processing required for rake combi- 
nation is addition, which is performed by the adder/sub- 
tractor 705. It is accomplished by sending the results of 
demodulation stored in the memory 702 to the adder/ 
subtractor 705 in succession. The result of rake combi- 
nation is sent from the output interface 707 in a slot cy- 
cle. 

(C) Procession on power control symbols 

[0071] Similarly to data symbols, demodulation and 
rake combination are executed on power control sym- 
bols as well, though it is necessary to shorten the aver- 
age time of pilot symbols used for demodulation and 
rake combination because power control symbols per- 
mit less processing delays than data symbols do. 
[0072] Therefore, though the processing method is 
similar, demodulation is accomplished using only the 
phase information calculated from the pilot symbol im- 
mediately before power control symbols under process- 
ing. 

[0073] Typical types of processing executed by the 
slot -cycle processing engines have been described so 
far. There also are other types of processing, including 
the measurement of reception power and that of noise 
power. These types of processing are executed as the 
sequencer 710 alters the address it designates for the 
program memory 71 1 to cause the matching program to 
be read out of the program memory 711 , and the decod- 
er 71 2 decodes it to control so that the data be sent to 
the required processor. 

[0074] In this way, the slot-cycle processing engines 
405, using basic processors, control a plurality of types 
of processing with a program. This enables the same 
hardware to execute a plurality of types of processing, 
and to help reduce the hardware gate size. Further, by 
storing input / output data for the slot-cycle processing 
engines in the buffer memories 404 and 406 and carry- 
ing out steps of processing on a plurality of channels or 
a plurality of fingers, or at different symbol rates on the 
same channel by time division multiplexing, the efficien- 
cy of hardware utilization can be enhanced. 
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(3) Frame-cycle processing engines 407 

[0075] FIG. 10 illustrates the configuration of the 
frame-cycle processing engines 407. The frame-cycle 
s processing engines constitute a block to process data 
in a frame cycle or a longer cycle. Types of frame-cycle 
processing include error detection encoding and decod- 
ing, error correction encoding and decoding, and inter- 
leaving. The constituent elements of the engines include 

10 an error detection (correction) encoder 804 (806), an er- 
ror detection (correction) decoder 905 (807), an address 
calculator 808 for interleaving, a memory 802 for storing 
the results of processing and a register 803, which are 
connected by buses 910 and 811, and input/output in- 

is terfaces 801 and 809 are added to them. 

[0076] Data contained in a frame include control data 
between the base station and mobile stations in addition 
to user data Control data and user data generally differ 
in communication speed (the number of data contained 

20 jn one frame) and in the capabilities of error correction/ 
detection codes. The user data speed also differ in com- 
munication speed (the number of data contained in one 
frame) and in error correction/detection capabilities from 
application to application. Thus frame-cycle processing 

23 has to be responsive to a plurality of communication 
speeds and modes of encoding/decoding. 
[0077] The combinations of operation for each of 
these processing are stated in advance in a program 
memory 313, and a sequencer 812 gives the address 

30 of a program corresponding to each processing to the 
program memory 313, and the program that has been 
read out is decoded by a decoder 81 4. The input/output 
interfaces 801 and 809 and the buses 610 and 811 are 
controlled with the decoded control signal. 

35 [0078] Reception processing: Transmitted data input- 
ted from the input interface 801 are successively sent 
to the error detection encoder 804. The encoded data 
are then encoded by the error correction encoder 806. 
The data having gone through error correction encoding 

40 are interleaved by being stored in a memory 802 corre- 
sponding to an address calculated by the address cal- 
culator 808. 

[0079] Transmission processing: An address for dein- 
terleaving is calculated by the address calculator 808, 
45 and received data are stored in a memory 802 corre- 
sponding to that address. The de-interleaved data un- 
dergo error correction by the error correction decoder 
807, and error detection by the error detection encoder 
805. 

so [0080] By connecting basic processors such as ones 
illustrated in FIG. 8 with buses, the plurality of types of 
processing in the frame-cycle processing engines can 
be accomplished in any desired combination, so that the 
same hardware can be used on channels different in 

55 speed and/or encoding method. Further, by holding in- 
put/output data in the memories 302, processing on a 
plurality of channels can be accomplished by time divi- 
sion multiplexing, and the required hardware gate size 
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block to perform symbol-cycle modulation/demod- 
ulation processing. 

7. A communication apparatus, as stated in Claim 6, 
5 wherein the capacities of storage units between 

said processing blocks are kept to the minimum vol- 
umes required for modulation/demodulation 
processing on a plurality of channels by processing 
units at a subsequent stage. 

10 

8. A communication apparatus, as stated in Claim 5, 
wherein each processing unit is configured of the 
minimum required basic processing elements, and 
processing is accomplished by combining those el- 

7 $ ements with a sequencer. 

9. A communication apparatus, as stated in Claim 6, 
characterized in that said communication appara- 
tus is to be applied to a CDMA communication sys- 

20 tern performing QPSK spreading modulation, and 
said third processing block has a configuration 
wherein four pairs, each of an excJusive-OR proc- 
essor and an adder (or an adder/subtractor), are 
disposed in parallel to perform correlation of four 
2S combinations between the in-phase and quadrature 
components of received signals and the in-phase 
and quadrature components of spreading codes. 

10. A communication apparatus, as stated in Claim 6, 
30 characterized in that said communication appara- 
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can be thereby reduced. 

[0081] The hardware gate size can be reduced by di- 
viding modulation/demodulation in the baseband block 
into processing units and having each of the divided 
units perform processing on a plurality of channels by 
time division multiplexing. 

[0082] The efficiency of hardware use can be en- 
hanced even more by further dividing each processor, 
into processing elements, which constitute the smallest 
processing units, and using these processing units by 
time division multiplexing. 

[0083] The present invention makes it possible to re^ 
duce the hardware of the baseband blocks of the base 
station and mobile stations of a radio communication 
system. 



Claims 

1 . A communication apparatus characterized in that it 
is provided with storage means for storing input sig- 
nals consisting of superposed signals from a plural- 
ity of channels and processing means for modulat- 
ing/demodulating said received signals, wherein 
said processing means perform modulation/de- 
modulation processing of signals on a plurality of 
channels contained in said input signals by time di- 
vision multiplexing by operating at a higher speed 
than said received signals are written into said stor- 
age means. 

2. A communication apparatus, as stated in Claim 1, 
wherein said storage means have a capacity to 
store a quantity several times greater than one 
frame of said received signals. 35 



tus is to be applied to a CDMA communication sys- 
tem differing in symbol cycle from channel to chan- 
nel, and said third processing block has its process- 
ing unit conforming to one symbol length, of the 
channel having the longest symbol cycle. 



3. A communication apparatus, as stated in Claim 1 , 
wherein said processing means are realized by 
wired logic. 

40 

4. A communication apparatus, as stated in Claim 1, 
wherein said processing means are realized by 
software executed by processors. 

5. A communication apparatus to perform communi- +s 
cation by a frame unit which further consists of a 
plurality of slots, provided with a plurality of process- 
ing blocks differing in the processing unit of modu- 
lation/demodulation and a plurality' of storage 
means for storing signals to be inputted to or out- so 
putted from said processing. blocks. 

6. A communication apparatus, as stated in Claim 5, 
wherein said plurality of processing blocks have a 
first processing block to perform frame-cycle mod- ss 
ulation/demodulation processing, a second 
processing block to perform slot -cycle modulation/ 
demodulation processing, and a third processing 
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